A diet planning model for Malaysian boarding school using zero-one integer programming by Sufahani, Suliadi Firdaus & Ismail, Zuhaimy
Prosiding Seminar Kebangsaan Aplikasi Sains dan Matematik 2013 (SKASM20 13) 
Batu Pahat, Johor, 29 - 30 Oktober 2013 
A DIET PLANNING MODEL FOR MALAYSIAN BOARDING 
SCHOOL USING ZERO-ONE INTEGER PROGRAMMING 
Suliadi Firdaus sufahanil Zuhaimy 1smai12 
'Department Of Mathematic and Sciences, Faculty of Science, Technology and Human Development, 
University Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia 
suliadi@uthm. edu. my 
2~eparmtent Of Mathematics, Faculty of Science, University Teknologi Malaysia, Skudai, Johor Bahru, 
Joho r, Malaysia 
zuhaimyi@yahoo.com 
Humans need to eat a good and balanced nutritious diet that provides calories for energy 
requirement and nutrients for proper growth, repair and maintenance of the body tissues. 
Moreover, it is essential for resisting and preventing diseases and infection that may lead 
to problems such as anaemia, scurvy and rickets. In recent studies, medical researchers 
have discovered that good nutrition can help to reduce the risks of coronary heart disease 
and certain types of cancer. Menu and diet planners face tremendous challenges and 
difficulties in order to improve human health. Serving healthier meals is a major step 
towards achieving that objective. However, constructing and planning a nutritious and 
balance menu manually is complicated, inefficient and time-consuming. This study aims 
to develop a mathematical model for diet planning that meets the necessary nutrient 
intake for the secondary school student as well as minimizing a budget. The data was 
collected fiom various boarding schools and also fiom the Ministry of Education. Diet 
planning .is a well known optimization problem and the goal is to find the best possible 
optimal solution. Therefore the model was solved by using optimisation method along 
with Integer Linear Programming and "Delete-Shuffle Algorithm". This model can be 
adopted to solve other diet planning problem such as for the military, hospitals nursing 
home and universities. 
Keyword: Mathematical modeling, Optimisation, Linear Programming, Integer Linear 
Programming, Menu Planning, Health Management. 
1. INTRODUCTION 
The Food and Agriculture Organization of the United Nations (FAO) issued a report on the state 
of food insecurity in the world and estimated the prevalence of hunger and depth of hunger (how 
hungry are the hungry) (Florencio, 2001). During 1996- 1998, 791 million people in developing 
countries had food intake below the minimum requirements; 65 percent were in China, India and 
other parts of Asia. This poor situation also occurs in Malaysian society where more people in 
this country with a population million die annually due to diseases linked to hypertension, stroke, 
heart attack and renal failure. 
In addition Sherina & Rozali (2004) have reported that many children in developing countries, 
including Malaysia, are facing obesity problems that are associated with significant morbidity and 
mortality, including cardiovascular, respiratory, gastrointestinal, endocrine and psychosocial 
morbidities. This unhealthy trend continues to progress through adulthood and is expected to 
lead to huge economic costs in health and social security systems. 
Planning for adequate menus faces many economic and psychological constraints. It involves 
simultaneous consideration of several types of constraints: the desired nutritional content, the 
likes and dislikes of the person that it is being planned for, the amount (volume or weight) of food 
to be consumed, and the expected form and content of different kinds of meals. This is so 
because humans are complex in their eating habits. Every inhvidual, regardless of age, is 
different and has their own idiosyncrasies, likes, dislikes and needs. 
Institutions and schools provide meals over an extended time period with a restricted budget. 
Research on thls problem is evolving in order to find nutritious meals within the constraints of the 
cost of the foods. The main purpose of "diet problem" model formulated by Stigler (1945) is to 
study problems relating to human nutrition (Dantzig, 1963). This model, as in most operation 
research models, has been set up on the traditional fundamental assumption that the decision 
maker seeks to optimize a single objective function. The problem has continued to be investigated 
by scientists and nutritionists (Smith, 1959; Balintfy, 1964; Armstrong & Sinha, 1974; Balintfy, 
1975; Bassi, 1976; Foytik, 1981; Endres et al., 1983; Silberberg, 1985; Benson & Morin, 1987; 
Lancaster, 1992; Sklan & Dariel, 1993; Leung et al., 1995; Gallenti, 1997; Westrich et al., 1998; 
Garille & Gass, 2001; Valdez-Pena & Martinez-Alfaro, 2003; Cadenas et al., 2004; Kaldirim & 
Kose, 2006). 
Therefore in this paper, we expand the current knowledge in menu planning and diet problems 
focusing on Malaysian recipes. The problems is solved in terms of costing, health promotion, 
nutritional requirements, and variety of food serve each day. We used binary approach to solve 
the problem and a model is developed for the usage of the Ministry of Education, Malaysia. 
- 
A mathematical method that solves this type of problem is Linear Programming. In this paper we 
use Integer Programming to determine the most nutritious and palatable meals while considering 
the constraints of the Recommended Nutrient Intake for Malaysian children aged 13 to 18 years 
old, the cost of the menu items, the budget provided by the government and a variety 
requirement. Matlab with the LPSolve programming language is used to solve the Zero-One 
Integer Programming problem. 
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2. MALAYSIAN SECONDARY SCHOOL 
In Malaysian boarding schools, nutritionists ffom the Ministry of Education are responsible for 
planning menus for school chlldren based on the cost of food items and recommended daily 
allowance (RDA) for children aged between 13 to 18 years. The menu lists are given to caterers 
in boarding schools who provide six meals per day, breakfast [B], morning tea [MI, lunch [L], 
evening tea [El, dinner [Dl and supper [S]. The menu provided is a nonselective menu where the 
school children do not have the choice to choose preferred foods. 
It is hard to plan palatable menus which simultaneously consider the nutrient intake, the cost of 
raw food, the variety of menu items and the preference of school children. It is time consuming 
and involves too many constraints and variables to manually produce an optimal palatable menu. 
Sometimes the combination of foods, that is produced manually, may exceed the RDA 
recommendation or vice versa. Planning adequate and palatable menus is important to prevent the 
school children ftom suffering any undesirable diseases and to promote good healthy eating 
practices in the future. 
The primary purpose of this research paper is to develop a mathematical model that can lead to 
the creation of menu lists. We try to minimize the budget provided by the government and fulfill 
the requirements of the Malaysian RDA. Furthermore we wish to maximize the variety and fulfill 
the consumers' preferences. Due to awareness of nutritional intake among Malaysians, especially 
school children, to prevent diet-related chronic diseases, various intervention programmes have 
been set up by government and private agencies to overcome these nutritional problems. 
Planning an adequate and nutritious menu every day for school children is an important task for 
caterers to ensure that these school children gain maximum benefits for healthier growth and 
successful achievement in academic and curriculum activities. Hence, research on menu planning 
by developing'mathematical models using operational research and decision science techniques, 
is important in order to help caterers provide nutritious meals over extended time periods within 
the limited budget allocation. 
3. DATA COLLECTION 
There are several types of data needed to build a menu planning model. These include the 
standardized price of each Malaysian menu, the nutritional contents for each menu, recommended 
nutritional daily allowance (RDA) for Malaysian school children aged between 13 - 18 years old, 
and the government budget for caterers. 
Data is provided in Nutrient Composition of Malaysian Foods Handbook (1997), compiled by 
Tee E. Siong and his colleagues fi-om the Malaysian Food Composition Database Programs, 
Institute for Medical Research. It also includes suggestions for recommended daily allowance 
(RDA) for Malaysians comprising the upper and lower bound of each nutrient needed by children 
aged 13 to 18 years old, both male and female. 
For each nutrient requirement there is an intake level that specified the range of adequate intake. 
Figure 1 shows the risk hnction of deficiency and excess: 
Distrihulion or 1.equiren1c111s LO preverll deliciency nncl tnvicily 
' 1 
b 
Intake from food and water 
- - -  
Figure 1: Conceptual framework for FAO/WHO's recommended nutrient intake 
Source: FAOIWHO (2002) 
It shows a range of adequate nutrient intake that it will not be deficient or toxic. The 
recommended nutrient intake (RNI) is similar to RDA and meets all the nutrient requirements for 
healthy individuals. UL or upper limit is the maximum intake of a certain nutrient in order to 
prevent any health risk and side effects. The main goal of nutrient based dietary standards is to 
prevent nutritional deficiency and reduce the risk of chronic diseases and avoidance of excessive 
intakes of certain nutrients (FNRI, 2002). '~ 
The information on current monthly caterers' budget was collected fi-om the nutritionists of the 
Ministry of Education and the boarding schools authorities through interview sessions. 
Furthermore, the user will be allowed to key-in the price of menus via user interface as different 
states have different prices of food. Cost per serving for each meal was obtained from several 
interview sessions with the caterers. 
4. MODEL FORMULATION 
The main aim of this research is to formulate a menu planning model that minimizes the budget 
provided by the government for boarding school caterers and maximizes the variety of food 
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intake. This model also tries to achieve the maximum nutritional requirement based on the 
Malaysian RDA requirements. There are 11 nutrients considered; energy, fats, carbohydrate, 
protein, niacin, vitamin A, vitamin B 1, vitamin B2, vitamin C, calcium and iron. 
Table 1: Values of upper bound and lower bound of the 11 nutrients 
We will consider 10 types of foods; beverage, cereal flour based, rice flour based, cereal based 
meal, meat dishes, seafood, vegetable, fruit, wheat flour based and miscellaneous. Each type of 
food contributes different dishes, so our food data will be 426 dishes. 
Table 2: Food requirement per day 
Upper Bound (UB) 
2840 
86 
330 
2500 
2800 
1800 
3 0 
4 5 
Nutrients 
Energy (kcal) 
Fat (g) 
Carbohydrate (g) 
Protein (g) 
Calcium (g) 
Vitamin A (mg) 
Vitamin B1 (mg) 
Vitamin B2 (mg) 
Vitamin C (mg) 
Niacin (mg) 
Iron (mg) 
Lower Bound (LB) 
2050 
46 
180 
54 
1000 
600 
1.1 
1.0 
65 
16 
15 
Type of food 
Beverage (xl - xg7)  
Cereal Flour Based (~38 - XSS) 
Rice Flour Based (xS6 - xl13) 
Cereal Based Meal ( X I I ~  - ~126) 
Meat Dishes (~127 - XIS8) 
Seafood ( x ~ ~ ~  - 3 2 ~ )  
Vegetable (x1S9 - xz12) 
Fruits (x213 - ~261) 
Wheat Flour Based (~262 - ~286) 
Miscellaneous ( x ~ ~ ~  - xg26) 
Total Dishes Per Day 
No. of requirement per day (n) 
6 * including 2 Plain Water (x9) 
1 
1 
2 * including 1 Plain Rice (~104) 
1 
1 
2 
2 
1 
1 
18 
Based on the data, an integer programming model is developed and discussed. The program 
should produce a palatable menu for 7 days. 
Two assumptions need to be made when conducting this study: 
1. The ingredients in each menu are in standardized portions and size integrally. So 
each variable can have the value of 0 or 1, except for Plain Water and Plain Rice. 
11. The nutrients contained in each menu are assumed to be consumed as a whole and are 
not destroyed during the process of cooking and providing the menus 
As mentioned earlier we have 426 dishes, therefore we have 426 variables (xi) where 
i=l,2, ..., 426. Each type of food has its own available range of selection as presented in Table 2. 
For example Beverage dishes (XI - ~37). We need 18 dishes (18 variables) ftom 10 types of food 
per day. Therefore in a week we need 126 dishes that will be suitably selected fiom the 426 
dishes that are available. 
4.1 Objective function 
We wish to minimize the total cost F 
by selecting the dish and providing a palatable daily menu. The maximum budget provided per 
day by the government is RM9.00 (RM= Ringgit Malaysia). Therefore we try to minimize the 
cost. 
4.2 Constraints 
The daily constraints 
where LB and UB is the vector and give different value for each nutrient. Ths  is to ensure that 
we meet the nutrients requirements. We have 11 constraints of nutrients with lower and upper 
bound values except for protein, vitamin B1 and B2 as stated in Table 1. These three nutrients 
only have lower bound. Based on Table 2 we then specify the food requirements 
so that we can serve 18 dishes per day. We have 10 types of food and number of requirement 
needed per day. So the variables are all binary 
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Each food can only be serve once (1 chosen and 0 otherwise) in a week except for except for 
Plain water (x9) and Plain Rice (x,,,). 
The program runs LPSolve seven times (looping) indicate for seven days. Each time running, the 
program will consider different available variables. For example, based on the above 
mathematical model, LPSolve run for Day 1 and 18 variables are selected fiom the 426 variables 
that are available. The variables for Day 1 are 
xg= x12= x20= x28= x77= x115= x1,9= x145= x174= 5= x216=x 238= x269= x319 = x390= 1 
x9= 2 - plain water 
X104= 1 -plain rice 
and the rest are zero. 
As mentioned earlier all variables are binary except for plain water and plain rice. Binary means 
that the 
xi = {O, 1} 
lower bound value for the variable is 0 and the upper bound value is 1. Before running LPSolve 
for Day 2, each variable that are selected in Day 1 will be eliminate except for plain water and 
plain rice. Therefore the selected variables in Day 1 will be rewrite as 
xi = (0,O) where i= 5,12,20,28,77,115,119,145,174,185,216,238,269,319,390 
lower bound value is 0 and upper bound value is 0 except for plain water and plain rice. That's 
mean, the selected variables will not be considered anymore for the entire week excluding the two 
exceptional foods. So for Day 2, the available variables that will be consider is 426-16(excluding 
plain water and plain rice) = 410 variables. The process continues until Day 7. 
This present study involves many decision variables, constraints and parameters. The model 
searches for an optimal solution using an integer programming algorithm. The coding was 
programmed using Matlab with LPSolve and the optimal solution for a 7 day menu was obtained 
within 13.10 seconds with a 2.26GHz pc. This is really fast comparing to other techniques. By 
eliminating the selected variables and reducing the size of variables, it will help the program run 
faster. If not, it may take more than 4 hours or even a day. The efficiency of the methods in 
solving this menu planning problem has been proven based on past studies by Zinober (1994) and 
Valdez-Pena and Martinez-Alfaro (2003). 
5.0 RESULT 
The results are presented in Table 3. It shows meals for seven days to be provided by the 
management of the school to the children aged 13 to 18 years old. Each meal consist of beverages 
(6), cereal flour based (I), rice flour based (I), cereal meal based (2), meat (I), seafood (I), 
vegetables (2), fiuits (2), wheat flour based (1) and miscellaneous (1). 
Table 3.1: Day 1 
Table 3.2: Day 2 
DAY: Monday 
COST: RM 5.40 
Beverages 
Cereal Flour Based 
Rice Flour Based 
Cereal Meal Based 
Meat 
Seafood 
Vegetables 
Fruits 
Orange flavoured drink, powder [B] 
Plain water (2 times) [T,L] 
Coconut water [El 
Sugar cane juice Dl 
Milo [S] 
Biscuit sodalplain [S] 
Kuih kasui [B] 
Rice, chicken [L] 
Rice, cooked [Dl 
Chicken satay [L] 
Fish, unspecified, dried, salt [Dl 
Celery(daun seladeri) [L] 
Mengkudu [Dl 
Guava [L] 
DAY: Tuesday 
COST: RM 6.20 
Beverages 
- 
Cereal Flour Based 
Rice Flour Based 
Cereal Meal Based 
Meat 
Seafood 
Plain water (2 times) [B, L] 
Syrup rose (Sirap ros) [Dl 
Sarsi [S] 
Lengkong [MI 
Limau [El 
Biscuit, coconut [S] 
Kuih buah Melaka [B] 
Rice, fried [L] 
fice, cooked [Dl 
Quail egg, whole [L] 
Fish curry, canned [Dl 
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Table 3.3: Day 3 
Vegetables 
Fruits 
Wheat Flour Based 
Miscellaneous 
Mustard leaves, Clunese [L] 
Spinach (bayam pasir) [Dl 
Rambutan [L] 
Pulasan [Dl 
Kuih kapit [El 
Mysore pak [MI 
DAY: Wednesday 
COST: RM 6.85 
Beverages 
Cereal Flour Based 
Rice Flour Based 
Cereal Meal Based 
Meat 
Seafood 
Vegetables 
Fruits 
Wheat Flour Based 
Miscellaneous 
M~lk, cow, fiesh [B] 
Milk, UHT, low-fat, recombined [S] 
Plain water (2 times) [M, Dl 
Sirap Bandung [L] 
Coffe & Sugar [El 
Cookies, peanut [S] 
Bidaran [B] 
Rice, "oily" [Dl 
Rice, cooked [L] 
Hen egg, whole [Dl 
Indian mackere1,fiied in chilli [L] 
Spinach onion (Daun Bawang) [L] 
Tapioca shoots [Dl 
Banana, common varieties [L] 
Cempedak [Dl 
Kuih ketayap [El 
Kuih kasturi [MI 
Table 3.4: Day 4 
DAY: Thursdav 
I Cekur manis [Dl 
Fruits I Pineapple rL1 
COST: RM 7% 
Beverages 
Cereal Flour Based 
k c e  Flour Based 
Cereal Meal Based 
Table 3.5: Day 5 
Coffee powder, instant [MI 
Milk, UHT, full cream, recombined [B] 
Plain water (2 times) [L, Dl 
Coffee mixture,powder [El 
Tea [S] 
Putu bamboo [S] 
Kuih lompang B] 
kce ,  cooked [Dl 
- 
Wheat Flour Based 
Miscellaneous 
DAY: Friday 
~ i s m K  [ ~ j  A 
Curry puff twisted [El 
Seaweed, agar [MI 
COST: RM 7.20 
Beverages 
Cereal Flour Based , . 
Rice Flour Based 
Cereal Meal Based 
Malted milk drink, packet [MI 
Plain water (2 times) [L, D] 
Milk powder, slum [S] 
Tea & milk [El 
Yogurt Oren [B] 
Biscuit, finger cream [S] 
Rempeyek [B] 
Rice, cooked [L] 
Meat 
Seafood 
-Vegetables 
Fruits 
Noodle, rice [Dl 
Duck egg, whole [Dl 
Prepared cuttlefish snack (brand LB) [L] 
Papaya shoots [L] 
Pegaga gajah [Dl 
Papaya [L] 
Wheat Flour Based 
Miscellaneous 
watermelon [Dl 
Cucur udang [El 
Cucur Badak [MI 
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Table 3.6: Day 6 
DAY: Saturday 
COST: RM 8.30 
Table 3.7: Day 7 
Beverages 
Cereal Flour Based 
Rice Flour Based 
Cereal Meal Based 
Meat 
Seafood 
Vegetables 
Fruits 
Wheat Flour Based 
Miscellaneous 
Milk, UHT, chocolate flavoured [B] 
Plain water (2 times) [L, Dl 
Milk, sterilized [MI 
Yoghurt, apricot flavor [El 
Milk based diet supplement, powder [S] 
Biscuit peanut and coconut [S] 
Lor-mai-fan [B] 
Rice, "dagang" [L] 
Rice, cooked [Dl 
Maw satay [L] 
Red snapper, fried in chilli [Dl 
Kesom [Dl 
Soya bean sprout [L] 
Banana (pisang nangka) [Dl 
Binjai [L] 
Cake, swiss role [El 
Kuih sagu [MI 
DAY: Sunday 
COST: RM 8.60 
Beverages 
Cereal Flour Based 
Rice Flour Based 
Cereal Meal Based 
Meat 
Seafood 
Vegetables 
Plain water (2 times) [L, El 
Milk, powder, instant, full cream [MI 
Malted milk powder [S] 
Apple Juice [L] 
Orange Juice [B] 
Bread coconut [S] 
Tumpi [B] 
Rice, cooked [L] 
Rice porridge, fish, instant [Dl 
Chcken curry, canned [L] 
Indian mackerel, fiied [Dl 
Asam gelugor, pucuk [L] 
Yam stalks [Dl 
147 
Table 3, we can see that there are a variety of drinks and foods presented in different ways each 
day, which includes six types of meals from breakfast to supper. All these drinks and foods meet 
the daily nutritional requirement for the school children at a minimum cost. Therefore, it can be 
concluded that all the meals chosen are nutritious and is advisable to serve to the school children 
aged 13 to 18 years old. 
Fruits 
Wheat Flour Based 
Miscellaneous 
The value of the total cost is less than the budget provided by the government. This means the 
management of the school will spend less than RM 9.00 per person per day. The total cost for 
each day getting higher and higher because the program choose the cheapest food but yet satisfy 
the RDA requirement to be serve first. Then it chooses slight more expensive food for the second 
day and so on. 
Mata kucing [Dl 
Rambai [L] 
Yau-car-kue [El 
Kuih kacang [MI 
6.0 CONCLUSION 
The researchers have produced a suitable 7 day menu plan that can be used as a guide for the 
management of the school. The model was solved using Matlab with LPSolve. It fulfilled all the 
constraints set by the researchers and gives a better solution compare to other heuristic methods 
such as Genetic Algorithms. This research focused on 13 to 18 years old school children at 
secondary boarding school. The nutritional requirements required for children below 12 years old 
and adults will be different from the one used here and it will affect the menu selection and the 
cost of preparing the meals. The total cost for each day is less than RM 9.00. Therefore we can 
serve slightly expensive and better quality of foods for the children. An approach using post- 
optimality and sensitivity analysis will be developed in the future based on the changes in the 
coefficient value (ci). 
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